Introduction
Improving tuberculosis (TB) care among migrants is considered a key public health priority towards global elimination of TB [1] . Migrants account for the majority of TB in low-incidence countries, defined as those with a notification rate < 10 per 100,000 population per year [1] and comprise over 70% of TB cases in countries like Denmark (incidence: 5/100,000 population/year) and the United Kingdom (UK) (incidence: 9/100,000 population/year) [2, 3] . While TB rates in native-born European populations are decreasing, the proportion of cases occurring in migrants is increasing, which may be partly attributed to the recent surge of refugees in some European countries [4] . In this paper, migrants refer to all groups of foreign-born individuals.
Migrants from high-incidence TB countries, defined as notification rate > 20/100,000 population/year [5] , are likely to be at increased risk of TB several years following migration because of an increased risk of reactivation of latent TB (LTBI) [6] [7] [8] [9] . Some migrants may also be vulnerable to TB because of risk factors associated with migration [10] . Refugees in particular are potentially exposed to poor and dangerous travel conditions, overcrowded housing and poor access to healthcare during flight [11] . After arrival in the host country, potential barriers such as language, lack of knowledge regarding the healthcare system and patient rights, and lack of entitlement can present challenges to accessing the healthcare system [12] .
Across Europe, different strategies for TB screening among migrants have been implemented to improve TB detection and treatment, and to reduce the burden of TB in low-incidence countries with programmes focusing on active TB screening before and at arrival [13] . In Denmark, a voluntary medical assessment is provided for asylum seekers when they arrive at the national reception centre. Since 2002, national guidelines have recommended screening for TB among asylum seekers from high-incidence countries, but formalised, systematic screening was not effectuated before 2017 [14] . There is no systematic health or TB screening among quota refugees or family-reunified migrants [15] .
A better understanding of the patterns of TB risk among migrants is needed to tailor health services according to needs and to optimise policies for migrants' contact with healthcare systems. The majority of previous studies have focused on region of origin as a risk factor, but recently there has been a focus on migrant status as such [16] . Migrant status is of interest because exposure to TB risk factors and access to TB screening differs. Only a few studies have assessed TB incidence among subgroups of migrants and how different types of migration affects the risk of TB [9, 17] .
To investigate differences in risk of TB across migrant groups, we compared TB incidence according to migrant status and region of origin with a Danish-born population in a large-scale cohort study among migrants in Denmark spanning 23 years.
Methods

Design and study population
This register-based, prospective cohort study used data obtained from the Danish Immigration Service and from Statistics Denmark. All migrants ≥ 18 years of age who obtained residency in Denmark between 1 January 1993 and 31 December 2015 were included. The age cut-off was used because this is the cut-off between being a child or an adult in Denmark at arrival following the United Nations (UN) Convention on the Rights of the Child [18] .
Individuals were included from the date of receiving residency. Date of residency was used for this study because it is an official registered date available for all migrants in Denmark while registered dates of entry are much more uncertain and not available for all migrants. A Danish-born comparison group was identified through Statistics Denmark and matched 1:6 on age and sex based on the first day of the year when the migrant-match was granted residency. Migrants with a diagnosis of TB before the date of residency were excluded for further analysis. The construction of the cohort has previously been described in more detail including the matching procedure and exclusion process because of missing values [19, 20] .
A TB case was defined as active TB, including both pulmonary and extrapulmonary TB.
Table 1
Migration status terminology used in cohort study of tuberculosis, Denmark, 1993-2015
Term Definition
Migrant a [4, 40] Person who is moving or has moved across an international border away from his/her habitual place of residency regardless of his/her legal status, whether the movement was voluntary or involuntary, the cause of movement, and the length of stay outside the country of origin.
-Refugee [4, 40] Person who because of a well-founded fear of persecution for reasons of race, religion, nationality, social group or politics, war or violence has been forced to flee his or her country and seeks protection in another country. Status as refugee is obtained when asylum is granted. A refugee can be either a former asylum seeker or a quota refugee.
--Asylum seeker [4, 40] Person who seeks safety from persecution or serious harm in a country other than his/her own country and awaits a decision on the application for refugee status in the receiving country.
--Quota refugee [41] --(Resettlement refugee)
Person who is transferred from one country to another country that has agreed to resettle him/her and ultimately grant him/her permanent settlement as refugee at arrival following an agreement with the United Nations High Commissioner for Refugees or a similar organisation.
-Immigrant [41] Person who has been granted residency through family reunification or employment purpose.
--Family-reunified to Danish/ Nordic citizen [41] Person who has been granted residency and resettlement with a Danish/Nordic citizen spouse or partner who resides in the country of immigration.
--Family-reunified to immigrant [41] Person who has been granted residency and resettlement with a spouse or partner who has been granted permanent residence in the country of immigration, likely through employment or education.
--Family-reunified to refugee [41] Person who has been granted residency and resettlement with a spouse or partner who holds refugee status in the country of immigration.
--Labour migrant b [40]
Person who has been granted residency through employment purpose.
-Undocumented migrant b [4] Person who does not have the necessary documentation to enter or remain legally in a country a Migrants refer to the whole group. Subgroups are defined underneath. b Labour migrants and undocumented migrants are not included in the current study.
Migrants were grouped into five groups based on the legal basis of their residence: (i) former asylum seekers, (ii) quota refugees, (iii) family-reunified to Danish/ Nordic citizens, (iv) family-reunified to immigrants, and (v) family-reunified to refugees (Table 1) . Migrants were grouped into six groups according to region of origin, with these regions being modified versions of those used by the World Bank Group [21] : (i) Eastern Europe and Central Asia; (ii) Europe, North America and Oceania; (iii) Middle East and North Africa; (iv) Latin America and the Caribbean; (v) South Asia, East Asia and Pacific, hereafter referred to as South-East Asia; and (vi) sub-Saharan Africa (countries represented in the cohort are listed in Supplementary Table  S1 ).
Data generation
All In Denmark, all TB diagnostics are centralised at IRLM and nationwide data on culture-verified TB cases were retrieved from here. TB is a notifiable disease by law and the treating physician submits a notification to the NSR, DIDE. We retrieved data on all notified TB cases from the NSR, DIDE to ensure the inclusion of culturenegative cases, i.e. patients with clinical or paraclinical findings suggestive of TB and prompting TB treatment.
Since HIV is a known risk factor for TB [22] , we retrieved HIV diagnoses from the NSR, DIDE in order to characterise risk-profile of the cohort.
Data analysis
Descriptive analyses were carried out using chi-squared and t-test analyses. Poisson regression analysis was used to calculate incidence rates (IR) and incidence rate ratios (IRR) of TB with 95% confidence intervals (CI) and using the logarithm of follow-up time as offset. Follow-up time was calculated as time from inclusion until: (i) TB diagnosis, (ii) emigration, (iii) death or (iv) study end whichever came first and was used to quantify the number of years a person was at risk of TB.
First, we calculated IRR for TB adjusted for age and sex, and stratified for migrant status and region of origin using Danish-born as the reference group. We identified interactions between sex and migrant status, and between sex and region of origin. We present data as overall for migrants compared with the Danish-born population. In order to determine the potential influence of migrant status, we calculated IRR for TB among migrants in a model adjusted for age, sex and region of origin, and stratified for migrant status and region of origin using asylum seekers as the reference group. We included age as a time-varying covariate and adjusted for age in 10-year intervals.
All analyses were performed in SAS version 9.4 (SAS Institute, Cary, United States (US)).
We reported our study results according to the STROBE guidelines [23] .
Ethical approval
This study was approved by the Danish Data Protection Agency (Number 2016- . No further ethical approval is required in Denmark for registry-based research. Data were analysed anonymously via online access to Statistics Denmark's database.
Results
In total, 142,314 migrants were included in the cohort (Figure) . Of these, 40.9% were family-reunified to Danish/Nordic citizens, 37.9% were former asylum seekers and 10.3% were family-reunified to refugees ( Table 2) . A total of 854,820 Danish-born individuals made up the control cohort. The distribution of region of origin differed. The Middle East and North Africa were the most common region of origin for familyreunified to refugees (42.9%), former asylum seekers (37.6%) and quota refugees (35.9%) whereas Eastern Europe and Central Asia was the most common for family-reunified to immigrants (55.9%) and South-East Asia for family-reunified to Danish/Nordic citizens (33.1%) (p < 0.01). Among migrants, 56.1% were female and the proportion of females was higher among family-reunified to refugees (80.8%), family-reunified to Danish/Nordic citizens (68.3%) and family-reunified to immigrants (64.2%) in contrast to quota refugees (40.5%) and former asylum seekers (36.4%) (p < 0.01).
We found 1,841 TB cases among migrants and 398 among the Danish-born population. Characteristics are presented in Table 3 . The distribution of region of origin differed among groups with most former asylum seekers (71.4%) and family-reunified to refugees (75.4%) being from sub-Saharan Africa, whereas most quota refugees (51.2%), family-reunified to Danish/ Nordic citizens (66.1%), and family-reunified to immigrants (44.6%) were from South-East Asia (p < 0.01) ( Table 5 shows IR and IRR of TB among migrants by migrant status and region of origin. Overall, familyreunified to refugees, quota refugees and former asylum seekers had the highest IR. After adjusting for age, sex and region of origin, the IRR of TB was significantly lower for family-reunified to Danish/Nordic citizens (0.45; 95% CI: 0.39-0.80) and family-reunified to immigrants (0.64; 95% CI: 0.51-0.80) compared with former asylum seekers. There was no difference between quota refugees, family-reunified to refugees and former asylum seekers.
In the stratified analysis for migrant status and region of origin, the highest IR was seen for migrants from sub-Saharan Africa, particularly among former asylum seekers, family-reunified to refugees and quota refugees (p < 0.01) ( Table 5 ). Among migrants from sub-Saharan Africa, the adjusted IRR was significantly lower for quota refugees (0.45; 95% CI: 0.34-0.61), family-reunified to Danish/Nordic citizens (0.22; 95% CI: 0.17-0.28) and family-reunified to immigrants (0.28; 95% CI: 0.15-0.53) compared with former asylum seekers. There was no difference between former asylum seekers and family-reunified to refugees (0.95; 95% CI: 0.82-1.11). 
Discussion
Overall, all migrants in this study experienced significantly higher TB incidence compared with Danish-born across all migrant statuses and regions of origin. The study showed a difference in TB risk across migrant groups with higher risk among family-reunified to refugees, quota refugees and former asylum seekers, whereas family-reunified to Danish/Nordic citizens and family-reunified to immigrants had lower risks.
Other studies have also found a high risk of TB among migrants [9, 17, [24] [25] [26] . The TB incidence in our migrant population was 120 per 100,000 PY (95% CI: 115-126) over a mean study period of 10.8 years, and was 30 times higher than the incidence among the Danishborn population. This incidence was higher than that of a study among migrants in Norway (80/100,000 PY; 95% CI: 76-84) following migration [26] . One potential reason for the difference could be that the Norwegian cohort included migrants as young as 5 years of age, which could contribute to a lower TB incidence. A study among migrants in the UK found a TB incidence of 147 per 100,000 PY (95% CI: 140-154) following migration [9] , which was higher than the TB incidence in our cohort. In the UK study, migrants were predominantly from TB high-risk countries, whereas the migrants in our study were from both low-and high-risk countries ( Supplementary Table S1 ).
Some studies have also included the role of migration status as TB risk factor. In a study from Canada, being a refugee or a family-reunified immigrant was a strong predictor of TB following migration compared with being a business or labour immigrant [17] . Asylum seekers and quota refugees were presented as one refugee group. The study from the UK [9] also reported that family-reunified immigrants experienced the highest TB incidence (320/100,000 PY; 95% CI: 244-419) among migrants, which was otherwise comprised of resettlements and dependents, students and working immigrants. This TB incidence was markedly higher than the TB incidence among our family-reunified immigrants (91/100,000 PY; 95% CI: 85-97), but the demographics of family-reunified immigrants in the UK were not specified in more detail so we do not know whether the two populations were comparable.
The higher proportion of females among migrant TB cases than the Danish-born population is likely to reflect an overall difference in the distribution of sex in the migrant population with more females than males resettling in Denmark. The calculated TB risk was slightly lower among female than male migrants (IRR: 0.82; 95% CI: 0.75-0.90, data not shown), which is consistent with what was found in western Sweden [27] . When looking at migrant status, the proportions differed. Male and female migrants differ in their patterns of migration which reflects in the sex distribution. Most male migrants arrive as asylum seekers or quota refugees, whereas many female migrants arrive as either family-reunified to refugees or family-reunified to Danish/Nordic citizens. Among the Danish-born population, TB cases were most often in males, consistent with the general pattern in Denmark, where TB among the Danish-born population is associated with risk factors such as male sex and social marginalisation [28] .
High rates of TB according to region of origin are well known from TB surveillance data in low incidence TB countries in western Europe. Migrants from TB endemic countries, particularly from countries in sub-Saharan Africa and South-East Asia, have consistently been shown to have elevated TB rates following migration [9, 22, 29] . In our study, nearly half of migrant TB cases were from Somalia and thereby contributed largely to the risk of TB. Another important aspect was that TB cases among former asylum seekers and family-reunified to refugees were mainly from sub-Saharan Africa, especially Somalia (68.0%), largely driving the risk of TB in these migrant groups. Somalia is a high-incidence country (IR: 266/100,000 PY [3] ) and Somali migrants constitute a long-term, high-risk group in Scandinavian countries [27, 30, 31] . However, even though Somalia is a high-incidence country, the incidence in our cohort among asylum seekers from Somalia was much higher than the reported incidence in Somalia. In contrast, family-reunified to Danish/Nordic citizens from Somalia had lower incidence. This may possibly reflect risk factors among asylum seekers related to migration such as history of imprisonment, overcrowding and precarious living conditions, compared to family-reunified to Danish/Nordic citizens who typically travel under less strenuous means and arrive directly from their country of origin. This association with migrant status among refugees from Africa has also been observed elsewhere. Asylum seekers from western Africa arriving in Italy had a higher yield of TB screening at arrival than the incidence in their country of origin [32] . Although, one important notion is, that reported TB notifications from African countries is likely to be underreported.
Migrants accounted for a larger proportion of HIV than the Danish-born population, consistent with epidemiological HIV patterns in western Europe [33] . Quota refugees and family-reunified to Danish/Nordic citizens comprised the largest groups of HIV positive migrants and the majority came from countries with on-going HIV epidemics, such as Congo, Kenya and Thailand [34] . Most migrants are infected abroad and unaware of their HIV status, and seeking treatment is usually not the reason for migrating [33] . Interestingly, a previous study found that family-reunified to Danish-Nordic citizens were later presenters of HIV than quota refugees [35] . One potential reason may be that quota refugees are offered voluntary HIV testing by the International Organisation for Migration before arrival in Denmark and a potential HIV diagnosis is followed up after arrival. Family-reunified immigrants are not offered any health assessment upon arrival and the late presentation may be a reflection of differences in introduction to the Danish healthcare system, inadequate screening practises or different health-seeking behaviour [35] . TB screening has been implemented in most European countries [13] . Studies show a high risk of TB among migrants upon arrival and that patterns of migration are indicators of the risk of TB [29, 36] . One review found a pooled prevalence of TB of 283 per 100,000 screened (95% CI: 216-349) among migrants at arrival [29] . When stratified, the yield among refugees was 577 per 100,000 screened (95% CI: 206-949), among asylum seekers it was 267 per 100,000 screened (95% CI: 194-341) and among other immigrants it was 225 per 100,000 screened (95% CI: 129-322). The other immigrant group were pooled from studies including students, family-reunified immigrants, labour immigrants etc. and therefore did not allow any conclusion solely regarding family-reunified immigrants. Another review reported a pooled TB prevalence of 300 per 100,000 screened (95% CI: 224-396) among asylum seekers at arrival [36] . The differences in TB at arrival may reflect a risk of TB related to migrant status among others, and support our results of differences in TB among migrants following resettlement.
Our study underlines that family-reunified to refugees may be a high-risk group of TB compared with other family-reunified immigrants and should be prioritised in arrival screening. Asylum seekers and quota refugees leave their home under critical events and may face overcrowded camps or prisons, poor nutrition, stress and barriers to healthcare favouring both transmission and reactivation of TB [10] . Family-reunified to refugees migrate under different legal terms than asylum seekers and quota refugees, but given that many migrate under critical events and face refugee camps etc., they might still be a highly vulnerable group compared with other family-reunified migrants. This means that even though they are legally different, the migration pattern for family-reunified to refugees is similar to that of asylum seekers. In contrast, family-reunified to Danish/ Nordic citizens and family-reunified to immigrants are more likely to travel under less strenuous means and in addition, arrive within a stronger support system.
Strengthening TB screening programmes upon arrival for high-risk groups might reduce the high rates of TB following migration. If migrants are not all equally introduced to the healthcare system or systematically offered TB screening this may contribute to inequalities among migrants [15] . Among migrants, relevant TB screening is accepted and the uptake is high [37] . Ensuring TB screening is offered to migrants most at risk, i.e. family-reunified to refugees, quota refugees and asylum seekers, would increase equity in relation to host populations in terms of TB prevention and access to healthcare [38] .
Strengths and limitations
Major strengths of this study were the cohort size and the duration of follow-up time. Also, because of the unique possibilities of the Danish CPR number, we could identify and follow a large cohort of migrants on an individual level on a nationwide basis. Further to that, TB data were retrieved from IRLM and NSR, DIDE, which are believed to cover all TB cases diagnosed in Denmark. We therefore believe our data reflect the high TB incidence among migrants after settling in a low-incidence TB country and the differences across groups.
However, there are some limitations to consider. First, we only included migrants ≥ 18 years of age so we cannot make any inference regarding children. At arrival in Denmark, adults and children were received differently at arrival in terms of health assessment and provision of social support during the study period, so only adults were included to minimise potential bias. Second, undocumented migrants were not represented in the study cohort and these individuals may be at high TB risk and experience significant barriers to healthcare. Third, some migrants may have had TB before arrival and before receiving residency. Because valid information on date of arrival in Denmark was not available for all migrants, we included participants based on date of residency, which is when a CPR number that allows for the exact follow-up through registries is assigned.
A consequence of this approach could be an underestimation of TB incidence in our migrant population, particularly among former asylum seekers. This is because asylum seekers apply for asylum at arrival in Denmark and there is consequently a delay between arrival and receiving residency. The delay differs during the study period, but is described as between 6 and 12 months in general [39] . Regarding quota refugees and familyreunited immigrants, they hold a residence permit when they arrive in Denmark and there is therefore usually no delay between arrival in Denmark and residency. However, because of the register-based design of this study, we do not know the time span between arrival in Europe and residency in Denmark. Forth, we compare our results to studies from other countries, but the migrant population in Denmark may look different from migrant populations in other European countries because of differences in policies, traditional migration routes, etc.
Conclusion
All migrants had increased TB risk compared with the Danish-born population. The risk was particularly high for migrants from sub-Saharan Africa, family-reunified to refugees, quota refugees and former asylum seekers. Screening programmes mostly focus on asylum seekers, but other groups at high risk of TB are missed. Thus, awareness of TB in all high-risk groups should be strengthened and TB screening programmes should be optimised. This study suggests a need for a more comprehensive approach, possibly one that incorporates TB screening into a general health evaluation to improve migrant health.
